It has been hypothesized by Lyons et al. that electrons in the slot region are precipitated by cyclotron resonance interactions with the plasmaspheric whistler mode wave bands. The energy spectra and the variations with L shell of the energy bands of the precipitating electrons have been found by Imhof et al. (1974) to be consistent with cyclotron resonance by waves in the few hundred Hz to few kHz range. Now, for the first time, simultaneous measurements have been made of the precipitating electron spectra, the wave frequency distributions, and the plasma density profiles. The electron measurements were performed from the P78-1 low-altitude satellite, whereas the wave and plasma density observations were made with the plasma wave experiment on the ISEE I spacecraft. Broad bands are often observed in the electron energy spectra with a well-defined low-energy cutoff that decreases in energy with increasing L value in a manner consistent with that calculated for firstorder cyclotron resonance with waves at the high-frequency cutoff of the band. On the basis of the electron spectra from P78-1 and the plasma densities obtained from the upper hybrid resonance frequencies measured on ISEE 1, the hiss cutoff frequencies are calculated for an assumed first-order cyclotron resonance interaction and compared with the wave spectral density profiles measured on ISEE. Overall, the plasma wave and the electron measurements are consistent with each other, supporting the earlier hypothesis for the precipitation mechanisms.
INTRODUCTION
Theoretical explanations have been offered for the formation of the slot region between the inner and outer radiation belts where the fluxes of trapped energetic electrons are often very low during quiet times [Lyons et al., 1972] . Lyons et al. [1972] proposed that the reason for the low trapped fluxes is that the electrons are lost to the atmosphere through resonant interactions with the band of whistler mode waves observed inside the plasmasphere. The pitch angle distributions predicted by these authors throughout the slot region and the outer plasmasphere near the equatorial plane were later found to be consistent with Explorer 45 observations [Lyons and Williams, 1975] . Considering pitch angle diffusion at all multiples of the cyclotron-harmonic resonance plus the Landau resonance, Lyons et al. [1972] were able to account for the location of the high-latitude edge of the inner belt as a function of electron energy and for the removal of electrons to levels near zero throughout the slot region. The calculated loss rates were in good agreement with observations of the decay of the trapped population. From a balance between these pitch angle scattering losses and inward radial diffusion from an average outer zone source of electrons, Lyons and Thorne [ 1973] were able to explain the quiet time structure of energetic electrons in the earth's radiation belts. Since plasmaspheric hiss appears to play an important role in the removal of trapped electrons, studies have been devoted to its origin and to the characteristics of wave propagation [Thorne et al., 1979] . Attempts have been made to achieve a self-consistent solution of the wave generation and particle diffusion [Etcheto et al., 1973] , but a complete theoretical explanation is still to be achieved.
We are now at a position where the next important step is to measure the waves and the precipitating electrons simultaneously. In some past investigations extending to low latitudes [Oliven and Gurnett, 1968; Vampola et al., 1971 ], searches have been made for correlations between wave emissions and precipitated electron fluxes but it has not generally been possible to find one-to-one correspondence.
For cause and effect studies the coordinated measurements should cover the same narrowly localized regions of space. This requirement for close spatial coordination is complicated by the fact that electron loss rates in the slot region are often quite low and the precipitating electrons can generally be observed only in the drift loss cone and not in the bounce loss cone; i.e., the electron precipitation is observed only as a result of the accumulation of loss processes occurring over a broad longitude range. Furthermore, the waves at L • 2-3 are probably present over a wide longitude region. Therefore, for study of the wave-particle interactions it is important to restrict the possible longitudes of interaction to the ,  I  I  [  I  I  I  I  I  I  I  I  I  I  I   0  20  •0  6o  8o  100  120  1•0  160  180  2o0:20  2•0  260  280  300 From a 2-year data base involving two satellites we have been able to find suitable coordinations in the slot region within narrow time and space restrictions. One of the satellites was the P78-1 low-altitude (600 km) polar orbiting spacecraft containing a high-resolution electron spectrometer. The other satellite was ISEE 1, which is in a highly eccentric earth orbit with an apogee geocentric radial distance of about 22.5 Roe. The data of interest here at L -• 2-3 were all taken near perigee, which was at a height of about 2500 km above the surface of the earth. Since the orbital period of the ISEE 1 satellite, ---2.4 days, was much longer than the 96-min period of the P78-1 spacecraft, the times of occurrence of perigee for ISEE were the pacing items in establishing the optimum times of coordination. The coordinations are summarized schematically in Figure 1 , where the longitudes of observation for the two spacecraft at the L shells of interest are plotted. On each date the longitude points from the closest coordinations are connected by a straight line. From the listed time differences one sees that the coordinations were mostly within a couple of hours of each other, with the longest time difference being 3.5 hours. On some occasions the ISEE coverage did not extend fully to the slot region where peaks were observed in the P78-1 electron data, and in such cases the longitude of the closest L value for ISEE is represented. The lack of a precise correspondence in L in some cases is acceptable, since the hiss cutoffs observed in the spectral density plots typically do not change rapidly with L. The 17 cases selected for study on the basis of the coordination criteria were all at relatively quiet times from the standpoint of geomagnetic activity. The Dst index was never at a higher negative value than -21% and the Kp index was never above 3 +. counting rate versus pitch angle profiles revealed that the electrons were locally trapped. They were, however, precipitating from the radiation belts by virtue of being observed at positions where the mirror points have a minimum altitude below -•100 km at some longitude in the drift path, i.e., the electrons were only quasi-trapped. The plasma wave instruments on the ISEE 1 and 2 spacecraft were designed to provide measurements of the electric and magnetic fields of plasma waves over the frequency ranges from about 5 Hz to 2 MHz and 5Hz to 10 kHz, respectively. The electric field wave data used in this paper were acquired with the narrow-band sweep frequency receiver on ISEE 1. This receiver provides an essentially constant fractional frequency resolution of about 0.065 over the frequency range, from 100 Hz to 400 kHz, and a dynamic range of 100 dB. Electron density contours can be obtained from the emissions at the upper hybrid resonance frequency [Gurnett et al., 1979] . is consistent with the hypothesis that much of the electron precipitation in the slot region is caused by cyclotron resonance interactions with plasmaspheric hiss, but indeed other mechanisms involving waves of natural or even man-generated origin [Vampola, 1977] may also be important.
In all 17 cases presented here, the precipitating electrons were measured only in the drift loss cone and not in the bounce loss cone; i.e., strong pitch angle diffusion was not observed. To be sure, all of the data were acquired during geomagnetically quiet times, and we therefore cannot speculate here on the occurrence in the slot region of strong diffusion in association with major storms.
From the coordinations in the slot region the findings can be summarized as follows:
1. Plasmaspheric hiss with upper frequency cutoffs of -0.7 kHz to -•4 kHz was observed nearly simultaneously with measurements of the precipitating electrons.
2. Bands appeared in the energy spectra of precipitating ,,,,,,,I , ,,,,,,,[ ,,,,,,,,I , ,,,,,,,I , ,,,,,,,I , ,,,, gy, and plasma density) were found to be mutually consistent with the precipitation being caused by cyclotron resonance interactions with the plasmaspheric hiss taking place near the equator.
